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6 $k$ $L(k, 0)$
$L(k, O)$ $\mathfrak{g}$ $\mathfrak{h}$
$M_{\hat{\mathfrak{h}}}(k, 0)$




[1, 2] [3, 4] $K(\mathfrak{g}, k)$
$\mathfrak{g}=sl_{2}$ $K(sl_{2}, k)$
2
(1) $K(sl_{2}, k)$ $C_{2}$ $k(k+1)/2$ $K(sl_{2}, k)$ $C_{2}$
(2) $K(sl_{2}, k)$ Zhu $A(K(sl_{2}, k))$ $k(k+1)/2$




$k=5,6$ [2] (1), (2), (3)
$k\geq 5$
Ching Hung Lam
1811 2012 93-108 93
2$V=(V, Y, 1, \omega)$ [7, 11] $V$
$\mathbb{C}$ CFT
type, $V= \sum_{n\geq 0}V_{(n)},$ $V_{(0)}=\mathbb{C}1$ $v\in V_{(n)}$ $v$ $n$
wt $v=n$ $V_{(n)}$ $n$
$v\in V$ End $V$
$Y(v, z)= \sum_{n\in \mathbb{Z}}v_{n}z^{-n-1}$
$z$
$v_{n}\in EndV$ $v$ $v_{n}V_{(m)}\subset V_{(m+wtv-n-1)}$
$v_{n}$ wt $v-n-1$ 1
$Y(1, z)=id_{V}$ , $1_{n}=\delta_{n,-1}id_{V}$ ,
$v\in V$ $v_{-1}1=v$ $\omega$




$0$ $V_{(n)}$ $n$ $V_{(n)}$
$L(O)$ $n$
$[a_{m}, b_{n}]= \sum_{i\geq 0}(\begin{array}{l}mi\end{array})(a_{i}b)_{m+n-i}$ , (2.1)
$(a_{m}b)_{n}= \sum_{i\geq 0}(-1)^{i}(\begin{array}{l}mi\end{array})(a_{m-i}b_{n+i}-(-1)^{m}b_{m+n-i}a_{i})$ , (2.2)





$V$ $C_{2}(V)$ $V/C_{2}(V)$ $R_{V}$ $a\cdot b=a_{-1}bmod C_{2}(V)$
$\{a, b\}=a_{0}bmod C_{2}(V)$ 2 $R_{V}$ Poisson
(cf. [13, Section 4.4]). $V$ $C_{2}$ $R_{V}$
$V$ $C_{2}$
$a,$ $b\in V$
$a*b= \sum_{i=0}^{wta}(\begin{array}{l}wtai\end{array})a_{i-1}b, a\circ b=\sum_{i=0}^{wta}(\begin{array}{l}wtai\end{array})a_{i-2}b$
2
$O(V)=span_{\mathbb{C}}\{a\circ b|a, b\in V\}$
$O(V)$ $a*b$ $A(V)=$
$V/O(V)$ (cf. [13, Theorem 2.1.1]). $(A(V), *)$
$V$ Zhu $A(V)$






$\{h, e, f\}$ $sl_{2}$ Chevalley $[h, e]=2e,$
$[h,$ $f|=-2f,$ $[e, f]=h$ Killing $\langle\cdot,$ $\cdot\rangle$
$\langle h,$ $h\rangle=2,$ $\langle e,$ $f\rangle=1,$ $\langle h,$ $e\rangle=\langle h,$ $f\rangle=\langle e,$ $e\rangle=\langle f,$ $f\rangle=0$
$\hat{sl}_{2}=sl_{2}\otimes \mathbb{C}[t, t^{-1}]\oplus \mathbb{C}C$ $k$ Weyl
$V(k, 0)=V_{\hat{sl}_{2}}(k, 0)=Ind_{sl_{2}\otimes \mathbb{C}[t]\oplus \mathbb{C}C}^{\hat{sl}_{2}}\mathbb{C}$
$\mathbb{C}$ $sl_{2}\otimes \mathbb{C}[t]$ $0$ $C$ $k$
$sl_{2}\otimes \mathbb{C}[t]\oplus \mathbb{C}$
$\hat{sl}_{2}$ $1\in \mathbb{C}$
$V(k, 0)$ 1 $sl_{2}\otimes \mathbb{C}[t]$ $\mathbb{C}$
$0,$ $k$ 1 $a\otimes t^{n},$ $a\in\{h, e, f\}$ $V(k, O)$ $a(n)$
$a,$ $b\in\{h, e, f\},$ $m,$ $n\in \mathbb{Z}$ $a(m)$ $b(n)$
$[a(m), b(n)]=[a, b](m+n)+m\langle a, b\rangle\delta_{m+n,0}k$ (2.5)
$n\geq 0$ $a(n)1=0$
$h(-i_{1})\cdots h(-i_{p})e(-j_{1})\cdots e(-j_{q})f(-m_{1})\cdots f(-m_{r})1$ (2.6)
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$i_{1}\geq\cdots\geq i_{p}\geq 1,$ $il\geq\cdots\geq j_{q}\geq 1,$ $m_{1}\geq\cdots\geq m_{r}\geq 1,$ $p,$ $q,$ $r\geq 0$ $V(k, O)$
End $V(k, O)$ 2 $a(z)= \sum_{n\in \mathbb{Z}}a(n)z^{-n-1},$ $b(z)= \sum_{n\in \mathbb{Z}}b(n)z^{-n-1}$
$a(z)_{n}b(z)={\rm Res}_{w}((w-z)^{n}a(w)b(z)-(-z+w)^{n}b(z)a(w))$
$a^{i}\in\{h, e, f\},$ $n_{i}\in \mathbb{Z}$
$Y(a^{1}(n_{1})\cdots a^{r}(n_{r})1, z)=a^{1}(z)_{n_{1}}\cdots a^{r}(z)_{n_{r}}id_{V(k,0)}$
$v=a^{1}(n_{1})\cdots a^{r}(n_{r})1\in V(k, 0)$
$Y(v, z)= \sum_{n\in \mathbb{Z}}v_{n}z^{-n-1}\in (End V(k, 0))[[z, z^{-1}]]$
$Y(a(-1)1, z)=a(z)$
$\omega_{aff}=\frac{1}{2(k+2)}(-h(-2)1+\frac{1}{2}h(-1)^{2}1+2e(-1)f(-1)1)$
$(V(k, 0), Y, 1, \omega_{aff})$ $3k/(k+2)$ (cf. [8],
[11, Section 6.2] $)$ . (2.6)
$i_{1}+\cdots+i_{p}+j_{1}+\cdots+j_{q}+m_{1}+\cdots+m_{r}$
$h(O)$ $2(q-r)$
$h(-i_{1})\cdots h(-i_{p})1,$ $i_{1}\geq\cdots\geq i_{p}\geq 1$ $V(k, 0)$ $M_{\hat{\mathfrak{h}}}(k, 0)$
$\omega_{\gamma}=\frac{1}{4k}h(-1)^{2}1$
1
$M_{\hat{\mathfrak{h}}}(k, 0)$ $V(k, 0)$ commutant










$W^{4}$ $W^{5}$ 4 5
$W^{4},$ $W^{5}$ [2, Appendix $A$]
$W^{s},$ $s=3,4,5$ $s$
Virasoro primary, $W_{2}^{2}W^{s}=W_{3}^{2}W^{s}=0$
$W^{2},$ $W^{3},$ $W^{4},$ $W^{5}$
$W_{-i_{1}}^{2}\cdots W_{-i_{p}}^{2}W_{-j_{1}}^{3}\cdots W_{-j_{q}}^{3}W_{-m_{1}}^{4}\cdots W_{-m_{r}}^{4}W_{-n_{1}}^{5}\cdots W_{-n_{S}}^{5}1$ (2.8)
$i_{1}\geq\cdots\geq i_{p}\geq 1,$ $j_{1}\geq\cdots\geq j_{q}\geq 1,$ $m_{1}\geq\cdots\geq m_{r}\geq 1,$ $n_{1}\geq\cdots\geq n_{s}\geq 1$
$\mathcal{N}$ (cf. [1, Theorem 3.1], [2, Lemma
2.4]. $)$ . $W_{n}^{r}W^{s},$ $r,$ $s=2,3,4,5,$ $n\geq 0$ (2.8)
$([2,$ Appendix $B])$ . (2.1) (2.2)
$[W_{m}^{r}, W_{n}^{s}]$
$[W_{m}^{r}, W_{n}^{s}]$
$\mathcal{N}$ $\theta$ 2 $\theta$
$\theta(W^{s})=(-1)^{s}W^{s},$ $s=2,3,4,5$
$V(k, O)$ $\mathcal{N}$ $V(k, O)$
$\mathcal{J}$ $\mathcal{J}$ 1 $e(-1)^{k+1}1$ (cf. [10]).
$\mathcal{I}=\mathcal{J}\cap \mathcal{N}$ $\mathcal{N}$ 1
$u^{0}=f(0)^{k+1}e(-1)^{k+1}1$
(cf. [1, Theorem 4.2], [2, Lemma 3.1]).
$V(k, 0)$ $\mathcal{J}$
$L(k, 0)=L_{\hat{sl}_{2}}(k, 0)=V(k, 0)/\mathcal{J}$
$M_{\hat{\mathfrak{h}}}(k, 0)\cap \mathcal{J}=0$ $L(k, O)$ $M_{\hat{\mathfrak{h}}}(k, 0)$
$L(k, 0)$
commutant $sl_{2}$ $K(sl_{2}, k)$
$\mathcal{W}$
$\mathcal{W}=K(sl_{2}, k)=\{v\in L(k, 0)|h(n)v=0$ for $n\geq 0\}$
$\mathcal{W}\cong \mathcal{N}/\mathcal{I}$ $\mathcal{W}$ $n$ $\mathcal{W}_{(n)}$
$\mathcal{W}=\sum_{n\geq 0}\mathcal{W}_{(n)},$ $\mathcal{W}_{(0)}=\mathbb{C}1$ $\mathcal{W}_{(1)}=0$ $\mathcal{W}_{(2)}=\mathbb{C}W^{2},$ $\dim \mathcal{W}_{(3)}=$
$2,$
$\ldots$
$W^{s}\in \mathcal{N},$ $s=$ 2,3,4,5 $\mathcal{W}\cong \mathcal{N}/\mathcal{I}$
$W^{s}$ (2.6) $V(k, 0)$
$L(k, O)=V(k, 0)/\mathcal{J}$ $V(k, O)$
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$k\leq 4$ $\mathcal{W}$
$k=2,3,4$ $\mathcal{W}$ Ising model $\mathcal{L}(1/2,0)$ , 3-state Potts model
$\mathcal{L}(4/5,0)\oplus \mathcal{L}(4/5,3),$ $V_{\mathbb{Z}\beta}^{+}$ $( \langle\beta, \beta\rangle=6)$
$\mathcal{W}$
$k=2$ $W^{3}=W^{4}=W^{5}=0,$ $k=3$ $W^{4}=W^{5}=0,$ $k=4$
$W^{5}=0$ $k=1$ $\mathcal{W}=\mathbb{C}$ $k\leq 4$
$k\geq 5$
[1,2] $W^{2},$ $\mathcal{N},$ $\mathcal{W},$ $\mathcal{I}$ [1,2]
$\omega$ , No, $K_{0}=M^{0,0},\tilde{\mathcal{I}}$ (cf. [1, Theorems 3.1, 4.1,
4.2] $)$ .
3 $R_{\mathcal{N}}\hookrightarrow R_{V(k,0)}$
$R_{\mathcal{N}}=\mathcal{N}/C_{2}(\mathcal{N})$ $R_{V(k,0)}=V(k, 0)/C_{2}(V(k, 0))$
$\mathcal{W}=\mathcal{N}/\mathcal{I}$ $C_{2}(\mathcal{W})=(C_{2}(\mathcal{N})+\mathcal{I})/\mathcal{I}$
$\mathcal{W}/C_{2}(\mathcal{W})\cong \mathcal{N}/(C_{2}(\mathcal{N})+\mathcal{I})$
$\mathcal{N}$ (2.8) $R_{\mathcal{N}}$ 4 Ws $=$
$W^{s}+C_{2}(\mathcal{N}),$ $s=2,3,4,5$ $\mathcal{N}$ 4
$\varphi:\mathbb{C}[x_{2}, x_{3}, x_{4}, x_{5}]arrow R_{\mathcal{N}}$ ; $x_{s}\mapsto\overline{W}^{s}=W^{s}+C_{2}(\mathcal{N})$
$u$ (2.8) $-2$ $u\in$
$\mathbb{C}_{2}(\mathcal{N})$ $u=(W_{-1}^{2})^{p}(W_{-1}^{3})^{q}(W_{-1}^{4})^{r}(W_{-1}^{5})^{s}1$ $\theta(u)=$
$(-1)^{q+s}$ $u$ $2p+3q+4r+5s$
3.1 $\mathcal{N}$ $v$ wt $v$ $\theta(v)=v$ wt $v$
$\theta(v)=-v$ $v\in C_{2}(\mathcal{N})$
$W_{0}^{r}W^{s}\in C_{2}(\mathcal{N}),$ $r,$ $s=2,3,4,5$
$W_{0}^{r}\mathcal{N}\subset C_{2}(\mathcal{N}) , r=2,3,4,5$





$W_{1}^{3}$ $W^{S}$ modulo $C_{2}(\mathcal{N})$
$W_{1}^{3}$
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$R_{V(k,0)}$ $v\in V(k, O)$ $R_{V(k,0)}$ $\overline{v}$ :
$\overline{v}=v+C_{2}$ ( ).
$y_{0}=\overline{h(-1)1}, y_{1}=\overline{e(-1)1}, y_{2}=\overline{f(-1)1}$ (3.1)
$R_{V(k,0)}$ $y_{0},$ $y_{1},$ $y_{2}$ $\mathbb{C}[y_{0}, y_{1}, y_{2}]$
$\mathcal{N}\subset V(k, 0)$ $C_{2}(\mathcal{N})\subset C_{2}(V(k, 0))$






$\psi\circ\varphi:\mathbb{C}[x_{2}, x_{3}, x_{4}, x_{5}]arrow R_{\mathcal{N}}arrow \mathcal{A}$; $x_{s}\mapsto\overline{W}^{s}\mapsto\overline{W^{s}}.$
$y=y_{0},$ $z=y_{1}y_{2}$ $\mathcal{A}\subset \mathbb{C}[y, z]$
$y,$ $z$ $V(k, 0)$ 1 $h(-1)1$ 2 $e(-1)f(-1)1$
$y$ $z$ wt $y=1$ , wt $z=2$
$\mathbb{C}[y, z]$ $\mathbb{C}[y, z]$ $n$
$\mathbb{C}[y, z]_{(n)}$ $\mathcal{A}_{(n)}=\mathbb{C}[y, z]_{(n)}\cap \mathcal{A}$
(2.8) 7 8
(2.8) null field
null field $v=0$ $v$ (2.8) $v=0$
$\mathcal{N}$
$v$ null field
8 null field $v$ 2 $\theta$ 1
$-1$ 1 3.1 $\theta(v)=-v$
8 null field $v$ $C_{2}(\mathcal{N})$ $R_{\mathcal{N}}$
8 null field $v$ $\theta(v)=v$
VO VO (2.8)




$\varphi$ : $\mathbb{C}[x_{2}, x_{3}, x_{4}, x_{5}]arrow R_{\mathcal{N}}$ $\varphi(B_{i})=\tilde{v^{i}},$ $i=0,1,2$
$B_{i}\in \mathbb{C}[x_{2}, x_{3}, x_{4}, x_{5}]$ $\psi\circ\varphi$ $Ker\psi\circ\varphi$ $B_{0},$ $B_{1},$ $B_{2}$
$\mathbb{C}[x_{2}, x_{3}, x_{4}, x_{5}]$ $\langle B_{0},$ $B_{1},$ $B_{2}\rangle$ Gr\"obner
1. $\mathcal{N}$ $v^{i}=0,$ $i=0,1,2$ $R_{\mathcal{N}}$ $\tilde{v^{i}}=0$
$\varphi(B_{i})=0,$ $i=0,1,2$ $\psi$ : $R_{\mathcal{N}}arrow \mathcal{A}$
1 Gr\"obner Risa/Asir
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3.3 (1) $R_{\mathcal{N}}\cong \mathbb{C}[x_{2}, x_{3}, x_{4}, x_{5}]/\langle B_{0},$ $B_{1},$ $B_{2}\rangle$
(2) $C_{2}(\mathcal{N})=\mathcal{N}\cap C_{2}(V(k, 0))$ $R_{\mathcal{N}}\cong \mathcal{A}$
$\mathcal{N}$ null field modulo $C_{2}(\mathcal{N})$ null field
$v^{0},$ $W_{1}^{2}v^{0},$ $(W_{1}^{3})^{2}v^{0}$ 3
$W_{1}^{3}$ $\mathcal{A}$ $R_{\mathcal{N}}\hookrightarrow R_{V(k,0)}$
$C_{2}(V(k, 0))$ $W_{1}^{3}$ 3.2
$W_{1}^{3}$ $R_{\mathcal{N}}$
$\psi$ : $R_{\mathcal{N}}arrow \mathcal{A}$







$\mathcal{A}\subset \mathbb{C}[y, z]$ $W_{1}^{3}$
$\mathcal{A}$
$\mathbb{C}[y, z]$
$D=((k+2)y^{2}-2kz) \frac{\partial}{\partial y}+(3k+4)yz\frac{\partial}{\partialz}$ (3.2)
3.4 $W_{1}^{3}$ $\mathcal{A}$ $\mathbb{C}[y, z]$ $-6kD$ $\mathcal{A}$
$\mathbb{C}[y, z]$ $\mathcal{A}$ $n$ $\mathbb{C}[y, z]_{(n)}$ $\mathcal{A}_{(n)}$
3.5 (1) $n\geq 0$ $\{y^{n-2j}z^{j};0\leq i\leq[n/2]\}$ $\mathbb{C}[y, z]_{(n)}$
$\dim \mathbb{C}[y, z]_{(n)}=[n/2]+1$
(2) $\mathcal{A}_{(0)}=\mathbb{C},$ $\mathcal{A}_{(1)}=0$ $n\geq 2$ $\{y^{n}-nky^{n-2}z, y^{n-2j}z^{j};2\leq i\leq[n/2]\}$
$\mathcal{A}_{(n)}$ $n\geq 1$ $\dim \mathcal{A}_{(n)}=[n/2]$ $\mathbb{C}[y, z]_{(n)}=$
$\mathbb{C}y^{n}\oplus \mathcal{A}_{(n)}$
4 $(W_{1}^{3})^{r}u^{0}$ modulo $C_{2}(V(k, 0)),$ $r=0,1,2,$





$f_{0}(y, z)= \frac{(-1)^{k+1}}{(k+1)!}\overline{u^{0}}\in \mathbb{C}[y, z]$
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$f_{0}(y, z)$ $f(O)$ modulo $C_{2}(V(k, 0))$
$C_{2}(V(k, O))$ $f(O)$
$f(0)\cdot\overline{v}=\overline{f0)v}$ $f(O)$ $Rv(k,0)$ $u,$ $v\in V(k, O)$
$f(O)u_{-1}v=(f(0)u)_{-1}v+u_{-1}f(0)v$ $f(O)$ $R_{V(k,0)}=\mathbb{C}[y0, y_{1}, y_{2}]$








$f_{0}(y, z)= \sum_{j=0}^{[(k+1)/2]}c_{j}y^{k+1-2j_{Z}j}, c_{j}=(-1)^{j}\frac{(k+1)!}{(k+1-2j)!(j!)^{2}}$
3.4 $f_{0}(y, z)$ (3.2) $D$ $r$ $(W_{1}^{3})^{r}u^{0}+$
$C_{2}(V(k, 0))$
$f_{r}(y, z)=D^{r}f_{0}(y, z)$
4.2 $p(y, z)=-(k+1)(k+2)^{2}((k+1)y^{2}+kz),$ $q(y)=(k+2)(2k+3)y$
$f_{2}(y, z)=p(y, z)f_{0}(y, z)+q(y)f_{1}(y, z)$
$f_{0}(y, z)$ $f_{1}(y, z)$ $\mathbb{C}[y, z]$ $J$
$J=\mathbb{C}[y, z]f_{0}(y, z)+\mathbb{C}[y, z]f_{1}(y, z)$
$J$ $D$
4. $3\dim \mathbb{C}[y, z]/J<\infty$
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$J$ $n$ $J_{(n)}$ : $J_{(n)}=\mathbb{C}[y, z]_{(n)}\cap J.$ $f_{r}(y, z),$ $r=$
$0,1,2,$ $\ldots$ $k+1+r$ $J_{(n)}$
4.4 $a(y, z)f_{0}(y, z)+b(y, z)fi(y, z)=0$ $a(y, z),$ $b(y, z)\in$
$\mathbb{C}[y, z]$ $a(y, z)=h(y, z)f_{1}(y, z),$ $b(y, z)=-h(y, z)f_{0}(y, z),$ $h(y, z)\in \mathbb{C}[y, z]$
3.5 $J$ $n$ $J_{(n)}$
4.5 (1) $n\leq k$ $J_{(n)}=0$ $J_{(k+1)}=\mathbb{C}f_{0}(y, z)$
(2) $k\leq n\leq 2k+2$ $\dim J_{(n)}=n-k$
(3) $n\geq 2k+1$ $J_{(n)}=\mathbb{C}[y, z]_{(n)}$
(4) $\dim \mathbb{C}[y, z]/J=(k+1)(k+2)/2$
3.5
4.6 $\dim \mathcal{A}/(J\cap \mathcal{A})=k(k+1)/2$
$f_{r}(y, z),$ $r=0,1,2,$ $\ldots$ $\mathcal{A}$ 4.2
$p(y, z)$ $q(y)$ $\mathcal{A}$ $\mathbb{C}[y, z]$
$\mathcal{A}$
$f_{0}(y, z)$ $fi(y, z)$ 2 $s=2,3,$ $\ldots$
$f_{r}(y, z),$ $0\leq r\leq s-1$ $\mathcal{A}$ $I_{s}$ , $f_{r}(y, z),$ $r\geq 0$
$\mathcal{A}$ )/ $I$ $n$ $I_{s(n)},$
$I_{(n)}$




$I_{3}=I_{2}+\mathcal{A}f_{2}(y, z)$ 3.5, 4.2, 4.4 $I_{2(n)}$
$I_{3(n)}$ $\mathcal{A}/I_{3}$
4.8 $\dim \mathcal{A}/I_{3}=k(k+1)/2+1$
$I_{4}=I_{3}+\mathcal{A}f_{3}(y, z)$ 4.2 $f_{2}(y, z)$ $D$
$f_{3}(y, z)$ $J=\mathbb{C}[y, z]f_{0}(y, z)+\mathbb{C}[y, z]fi(y, z)$
3.5 4.4
4. $9I_{4}=I_{3}\oplus \mathbb{C}f_{3}(y, z),$ $\dim \mathcal{A}/I_{4}=k(k+1)/2$
$I_{4}\subset I\subset J\cap \mathcal{A}$ 4.6
4.10 $I=I_{4},$ $J\cap \mathcal{A}=I$




$R_{L(k,0)}$ $A(L(k, O))$ $A(\mathcal{W})$ $\mathcal{W}=$
$K(sl_{2}, k)$ 1 (1), (2), (3)
$\mathcal{U}=\{v\in V(k, 0)|h(O)v=0\}$
$\mathcal{N}\subset \mathcal{U}\subset V(k, 0)$ (2.6)
$h(O)$ $2(q-r)$ (2.6) $q=r$
$\mathcal{U}$ $V(k, O)$ $S$ $R_{V(k,0)}$
$S+C_{2}(V(k, 0))$ $\overline{\mathcal{U}}=\mathbb{C}[y, z]$ $h(O)$
$C_{2}(V(k, 0))$ $h(0)\cdot\overline{v}=\overline{h(0)v}$ $h(O)$ $R_{V(k,0)}$
$h(0)u_{-1}v=(h(0)u)_{-1}v+u_{-1}h(0)v$ $h(O)$ $R_{V(k,0)}=\mathbb{C}[y0, y_{1}, y_{2}]$
$h(0)\cdot y_{0}^{p}y_{1}^{q}y_{2}^{r}=2(q-r)y_{0}^{p}y_{1}^{q}y_{2}^{r}$
$L(k, 0)=V(k, 0)/\mathcal{J}$ $R_{L(k,0)}=L(k, 0)/C_{2}(L(k, 0))$ $V(k, 0)/(C_{2}(V(k, 0))+$
$\mathcal{J})\cong R_{V(k,0)}/\overline{\mathcal{J}}$ $R_{L(k,0)}$ $R_{V(k,0)}/\overline{\mathcal{J}}$ $v\in$
$V(k, 0)$ $R_{L(k,0)}$ $\overline{v}+\overline{\mathcal{J}}$
$L(k, 0)$ (cf. [5, 12]).
$y_{0}^{p}y_{1}^{q}y_{2}^{r}+\overline{\mathcal{J}}, r\leq k, p+r\leq k, p+q\leqk$ (5.1)
$R_{L(k,0)}$ $h(O)$ $h(0)\cdot(\overline{v}+\overline{\mathcal{J}})=h(0)\cdot\overline{v}+$
$R_{L(k,0)}$ $y_{0}^{p}y_{1}^{q}y_{2}^{r}+\overline{\mathcal{J}}$ $h(O)$ $2(q-r)$
$y^{p}z^{q}+\overline{\mathcal{J}},$ $q\leq k,$ $p+q\leq k$ $R_{L(k,0)}^{\mathfrak{h}}=\{x\in R_{L(k,0)}|h(0)\cdot x=0\}$
$R_{L(k,0)}^{\mathfrak{h}}$ $n$ $(R_{L(k,0)}^{\mathfrak{h}})_{(n)}$
$\dim(R_{L(k,0)}^{\mathfrak{h}})_{(n)}=\{\begin{array}{ll}[n/2]+1 if n\leq k{[}n/2]+1-n+k if k+1\leq n\leq 2k0 if n\geq 2k+1\end{array}$ (5.2)
$R_{L(k,0)}^{\mathfrak{h}}=(\overline{\mathcal{U}}+\overline{\mathcal{J}})/\overline{\mathcal{J}}\cong\overline{\mathcal{U}}/(\overline{\mathcal{U}}\cap\overline{\mathcal{J}})$ (5.3)






4.10 $I=I_{4}$ $I=\overline{\mathcal{I}}$ modulo $C_{2}($ $\mathcal{N}$
$\mathcal{I}$ $u^{0},$ $W_{1}^{3}u^{0},$ $(W_{1}^{3})^{2}u^{0},$ $(W_{1}^{3})^{3}u^{0}$ 4
$\pi/\overline{\mathcal{I}}\cong \mathcal{N}/(\mathcal{I}+C_{2}(\mathcal{N}))\cong R_{\mathcal{W}}$ $W=\mathcal{A}$ 4.9
5.2 $\dim R_{\mathcal{W}}=k(k+1)/2$ 5.2
$\pi/\overline{\mathcal{I}}\cong(W+\overline{\mathcal{J}})/\overline{\mathcal{J}}\subset(\overline{\mathcal{U}}+\overline{\mathcal{J}})/\overline{\mathcal{J}}=R_{L(k,0)}^{\mathfrak{h}}\subset R_{L(k,0)}$
$R_{\mathcal{W}}\hookrightarrow R_{L(k,0)}$
5.3 (1) $\dim R_{\mathcal{W}}=k(k+1)/2$ , $\mathcal{W}$ $C_{2}$
(2) $C_{2}(\mathcal{W})=\mathcal{W}\cap C_{2}(L(k, 0))$ , $R_{\mathcal{W}}\hookrightarrow R_{L(k,0)}$
$\mathcal{W}$ Zhu $A(\mathcal{W})$ $\mathcal{W}\subset L(k, 0)$ $O(\mathcal{W})\subset O(L(k, 0))$






$R_{L(k,0)}arrow A(L(k, 0))$ (cf.
[6], [9, Section IV.2] $)$ . $R_{\mathcal{W}}arrow A(\mathcal{W})$
$A(\mathcal{W})arrow A(L(k, 0))$
5.$4(1)\dim A(\mathcal{W})=k(k+1)/2$
(2) $O(\mathcal{W})=\mathcal{W}\cap O(L(k, 0))$ , $A(\mathcal{W})\hookrightarrow A(L(k, 0))$
$A(\mathcal{W})\hookrightarrow A(L(k, O))$ $A(L(k, O))$ $A(\mathcal{W})$ [8,
Theorem 3.1.3] $A(L(k, 0))$ [2, Proposition 4.5] $A(\mathcal{W})$
$A(L(k, O))$ $A(\mathcal{W})$
[2] 4 $k(k+1)/2$ $\mathcal{W}$ $M^{i,j},$ $0\leq i\leq k,$ $0\leq j\leq i-1$




(2) [2] $k(k+1)/2$ $\mathcal{W}$ $M^{i,j},$ $0\leq i\leq k,$ $0\leq i\leq i-1$
$\mathcal{W}$
6
$k=5,6$ [2, Section 5] $R_{\mathcal{W}}$ $A(\mathcal{W})$
8, 9, 10 3 null field $(W_{1}^{3})^{r}u^{0},$ $r=0,1,2,3$
(2.8)
8, 9, 10 null field $k$ (2.8)
$(W_{1}^{3})^{r}u^{0}$ $k$ (2.8)
$R_{\mathcal{N}}\hookrightarrow R_{V(k,0)}$ $R_{V(k,0)}=\mathbb{C}[y_{0}, y_{1}, y_{2}]$
$R_{\mathcal{W}}$ $A(\mathcal{W})$
$k$




[1] [2, Conjecture 4.6]
1 Zhu $A(\mathcal{W})$
$[W^{2}]$ $[W^{3}]$ 2
([2] $\omega$ $W^{2}$ ).
$o(W^{s}),$ $s=2,3,4,5$ $M^{i,j}$ $\mathbb{C}v^{i,j},$ $0\leq i\leq k,$ $0\leq i\leq i-1$













$-20k^{2}(10k-7)(i-2j)^{2}$ ( $i$ - $j+l$ )
$+10k(19k+12)(i-2j)^{3}(i-j+1)i$
- $10k^{2}(10k-7)(i-2j)(i-j+1)(i-j+2)(j-1)j)v^{i,j}$
$v^{i,j}$ $o(W^{2}),$ $o(W^{3}),$ $o(W^{4}),$ $o(W^{5})$
$(\lambda_{2}, \lambda_{3}, \lambda_{4}, \lambda_{5})$ $k$ $o(W^{2})$
$v^{i,j}$
$k=5$ $(i, j)=(1,0)$ $(4, 0)$
$(2/35, 12, 264, -264) , (2/35, -12,264,264)$
$k=9$ $(i,j)=(4,2),$ $(5,1)$ (5, 4)
$(6/11, 0, -108864,0) , (6/11, -756, -4536, -126360)$,
$(6/11, 756, -4536,126360)$
$k=10$ $(i,j)=(6,2),$ $(6,4),$ $(10,1)$ (10, 9)
$(9/10, -1104, -684576, -9332928)$ , $(9/10, 1104, -684576,9332928)$ ,
$(9/10, -4896,1439424, 14732928)$ , $(9/10, 4896, 1439424, -14732928)$
$o(W^{2})$ $o(W^{3})$
$k\leq 99$ $o(W^{2})$ $o(W^{3})$ $v^{i,j}$
$k=16$ $(i,j)=(2,1)$ $(8, 0)$
$(1/9, 0,372736, 0) , (1/9, 0, -186368,0)$
$k=48$ $(i,j)=(4,2)$ $(24, 0)$
$(3/25, 0,83165184, 0) , (3/25, 0, -47056896,0)$
$k=75$ $(i,j)=(7,1)$ $(35, 0)$
(4/33, 7000, 718515000, 31120425000),
$(4/33, 7000, -431550000,7934850000)$
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$k=75$ $(i,j)=(7,6)$ $(40, 0)$
$(4/33, -7000,718515000, -31120425000)$ ,
$(4/33, -7000, -431550000, -7934850000)$
$k=96$ $(i,j)=(6,3)$ $(48, 0)$
$(6/49, 0,2604220416, 0) , (6/49, 0, -1517764608,0)$
$k=16,48,96$ $o(W^{2}),$ $o(W^{3}),$ $o(W^{5})$
$o(W^{4})$
$k=100$ $(i,j)=(12,1)$ (12,11)
$(11/68, 0,3160080000, 343569600000)$ ,
$(11/68, 0,3160080000, -343569600000)$
2 $o(W^{2}),$ $o(W^{3}),$ $o(W^{4})$ $o(W^{5})$
$A(\mathcal{W})$ 4 $[W^{s}],$ $s=2,3,4,5$ [2, Lemma 2.6]
$A(\mathcal{W})$ $[W^{4}]$ $[W^{5}]$
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